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THE 555 TIMER is a highly versatile low-cost IC that is 
specifically designed for precision timing applications, 
but which can also be used in a variety of monostable 
multi-vibrator, astable multivibrator, and Schmitt 
trigger applications. The device was originally 
ir^troduced by Signetics, but is now available under the 
'555' designation from many other manufacturers. 

The 555 has many attractive features. It can operate 
from supply voltage in the range 4.5V to 16V. Its 
output can source (supply) or sink (absorb) any load 
current up to a maximum of 200mA, and so can 
directly drive loads such as relays, LED's, low-power 
lamps, and high impedance speakers. When used in 
the 'timing' mode, the IC can readily produce accurate 
timing periods that can be varied from a few 
microseconds to several hundred seconds via a single 
R-C network. Timing periods are virtually independent 
of actual supply rail voltage, have a temperature 
coefficient of only .005% per °C, can be started via a 
TRIGGER command signal, and can be aborted by a 
RESET command signal. 

When used in the monostable mode, the IC 
produces output pulses with typical rise and fall times 
of a mere lOOnS. It can be made to produce 
pulse-width modulated (PWM) pulses in this mode by 
feeding fixed frequency clock pulses to the TRIGGER 
terminal and, by feeding the modulation signal to the 
CONTROL VOLTAGE terminal. 

When used in the astable mode both the frequency 
and the duty cycle of the waveform can be accurately 
controlled with two external resistors and one capacitor. 
The output signals can be subjected to frequency sweep 
control, frequency modulation (FM), or pulse-position 
modulation (PPM) by applying suitable modulation 
signals to the CONTROL VOLTAGE terminal of the IC. 

THE 555: HOW IT WORKS 

The 555 is available under a variety of specific type 
numbers but is generally referred to simply as a '555 
timer.' The device is available in a number of packaging 
styles, including 8 and 14-pin dual-in-line (DIL) and 
8-pin TO-99 types. Throughout this article all circuits 
are designed around the standard 8-pin DIL versions of 
the device. 

Fig 1 shows the outline and pin notations of the 
standard 8-pin DIL version of the 555, and Fig 2 shows 
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Fig. 1: Outline and pin notations of the standard 8-pin dil 


version of the 555 timer I C. 





the functional block diagram of the same device (within 
the double lines), together with the connections for 
using it as a basic monostable generator. The following 
explanation of device operation assumes that the 555 is 
used in the monostable configuration shown in Fig 2. 

The 555 houses 2 diodes, 15 resistors, and 23 
transistors. These components are arranged in the form 
of one voltage-reference potential divider, two 
voltage-comparator op-amps, one R-S flip-flop, a 
low-power complementary output stage, and a slave 
transistor. The voltage-reference potential divider 
comprises three 5kQ resistors in series, and is 
connected across the supply lines. Consequently, 2/3 
V^ appears at the junction of the upper two resistors of 
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Fig. 2: Functional block diagram (within the square) of the 555 

timer i c. together with the connections for using the i c as a 
basic monostable generator or timer 



the potential divider, and is fed to one input terminal of 
the upper voltage-comparator op-amp and 1/3 V^^ 
appears at the junction of the two lower resistors of the 
potential divider, and is fed to one input terminal of the 
lower voltage-comparator op-amp. The outputs of the 
two comparators control the R-S flip-flop, which in turn 
controls the states of the complementary output stage 
and the slave transistor. The state of the flip-flop can 
also be influenced by signals applied to the pin 4 
RESET terminal. 

When the monostable or timing circuit of Fig 2 is in 
its quiescent state the pin 2 TRIGGER terminal of the 
chip is held high via R1. Under this condition Q1 is 
driven to saturation and forms a short circuit across 
external timing capacitor Cj, and the pin 3 output 
terminal of the IC is driven to the low state. The 
monostable action can be initiated by applying a 
negative-going trigger pulse to pin 2. As this pulse falls 
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below the 1/3 V^^ reference value of the built-in 
potential divider the output of the lower voltage 
comparator op-amp changes state and causes the R-S 
flip-flop to switch over. As the flip-flop switches over it 
cuts off Q1 and drives the pin 3 output of the chip to 
the high state. 

As Q1 cuts off it removes the short from timing 
capacitor Cj, so Cj starts to charge exponentially 
towards the supply rail voltage until eventually the 
voltage across Cj reaches 2/3 V^^. At this point the 
upper voltage comparator op-amp changes state and 
switches the R-S flip-flop back to its original condition, 
so Ql turns on, rapidly discharging Cj, and 
simultaneously the pin 3 output of the IC reverts to its 
low state. The monostabie operating sequence is then 
complete. Note that, once triggered, the circuit cannot 
respond to additional triggering until the timing 
sequence is complete, but that the sequence can be 
aborted at any time by feeding a negative-going pulse 
to pin 4. 

The delay time of the circuit, in. which the pin 3 
output is high, is given as 

t = 1.1 RjCj 



where t = mS, Rj = kQ, and Cj = uF Fig 3 shows 
how delays from 1 OuS to 1 00 seconds can be obtained 
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Fig. 3: 555 time delays for different values of resistance and 
capacitance. 



by selecting suitable values of Cy and Ry in the range 
.001 uF to lOOaF and 1 kQ to 10MQ. In practice, Ry 
should not be given a value less than 1 kQ or greater 
than 20MQ, and capacitor Cj must always be a 
low-leakage component Note that the timing period of 
the circuit is virtually independent of the supply voltage 
but that the period can be varied by applying a variable 
resistance or voltage between the ground and pin 5 
CONTROL VOLTAGE terminals of the chip. This facility 
enables the periods to be externally modulated or 
compensated. 

The pin 3 output terminal of the IC is normally low, 
but switches high during the active monostabie 
sequence. The output can either source or sink currents 
up to a maximum of 200mA, so external loads can be 
connected between pin 3 and either the positive supply 
rail or the ground rail, depending on the type of load 
operation that is required. The output switching rise 
and faH times are typically about 1 00 nanoseconds. 
Having cleared up these points, let's now go on and 
look at some practical applications of the 555 timer I.C. 

50 SECOND TIMER 

This 50 second timer or pulse generator gives a direct 
voltage output at pin 3 which is normally low, but goes 



high for the duration of the timing period. Optional 
components R4 and LED (shown dotted) give a visual 

indication of the timer action. The circuit works in the 
same basic way as already described, except that the 
timing action is initiated by momentarily shorting pin 2 
to ground via START switch S,. Note from the circuit 
waveforms that a fixed-period output pulse is available 
at pin 3 and an exponential sawtooth with an identical 
period is available at pin 7: The sawtooth waveform has 
a high output impedance. 

The basic timer circuit of Fig 4 can be varied in a 
number of ways. The timing period can be made 
variable between approximately 1 . 1 seconds and 1 10 
seconds by replacing R, with a 1 0kQ fixed resistor and 
a 1 MQ variable resistor in series. 



The period can be further varied, if required, by 
switch-selecting decade values of timing capacitance. 
The dotted section shows how the circuit can be 
provided with a RESET facility, so that a timing period 
can be aborted at any time, by taking pin 4 to the 
positive supply rail via resistor Rg and wiring RESET 
switch S2 between pin 4 and ground. 

The timing circuit of Fig 4 can be used to drive 
non-inductive loads at currents up to 200mA directly. 
They can be used to drive inductive relay loads by using 
the basic connections shown in Fig 5. 

The Fig 5 circuit is designed to apply a connection to 
a normally-off external load for a pre-set period of 50 
seconds when START switch S, is momentarily closed. 
The relay is normally off, but turns on for the 50 second 
■period when the timing cycle is initiated. D2 is wired in 



series with the relay coil to counteract the slight residual 



TO BREAK 
LOAD 



TO 
LOAD < 



1 Dl ■ RLA : 
<SlN I 12V '1 
[4001 I. .60-* J 

t I 

c 

. RLA 
1 



TO MAKE 
LOAD 



. D2 

m 4001 



D1 
IN 
4001 



RLA 
12V 



^ov 



PIN OIL ^ 

555 -J I 



TIMER 

-d4 Sp 



|6 SI 
START 



R1 
i470k 



^ CI 
100uF 



Fig. 5: Relay-output timer makes or breaks connection to load 
for pre-set period of BO seconds when S, is momentarily 
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voltage that appears at pin 3 of the IC under the OFF 
condition and thus ensure that the relay turns fully off. 
The dotted section shows how this circuit can be used 
to switch off a normally-on load. 

Note in Fig 5 and all other relay-output circuits 
described here, that the relays used can be any 1 2 volt 
types that draw ON currents of less than 200mA, e.g., 
that have coil resistances greater than 60Q. 

The basic relay-driving timer circuit of Fig 5 can be 
adapted for use in a variety of useful applications. Some 
typical examples are shown in Figs 6 to 9. 
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Fig. 6: Relay-output general-purpose timer covers 0.9 sec to 
100 sec in two decade ranges. 



Fig 6 shows the practical circuit of a relay-output 
general-purpose timer that covers 0.9 seconds to 100 
seconds in two decade ranges: The circuit has a RESET 

facility provided via $2, so that timing periods can be 
aborted part way through a cycle if necessary. A 
noteworthy feature of this circuit is that the maximum 
timing periods of each decade range of the timer can be 
precisely pre-set via Rg or Rg, which effectively shunt 
the built-in potential divider of the 555 and thus 
influence the timing periods: This facility enables the 
circuit to give precise timing periods even when 
wide-tolerance timing capacitors are used. 

To set up the Fig 6 circuit, first set R, to maximum 
value, set RANGE switch S3 to position 1, activate 
START switch S,, and adjust R5 to give a timing period 
of precisely 10 seconds. Next, set S3 to position 2, 
activate START switch S,, and adjust Rg to give a 
timing period of precisely 1 00 seconds. All adjustments 
are then complete, and the timer is ready for use. 

DELAYED HEADLIGHT TURN-OFF 

Fig 7 shows the practical circuit of an automatic 
delayed-turn-off headlight control system for auto- 
mobiles. This facility enables the owner to use the car 
lights to illuminate his path for a pre-set time after 
parking as he leaves the garage or walks along a 
driveway, etc. The circuit does not interfere with normal 
headlight operation under actual driving conditions. It 
works as follows. 

When the ignition switch is turned to the ON 
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Fig. 7: Automatic delayed-turn-out headlight control system 
for automobiles. 



position current is fed to the coil of the relay via D3 and 
the 12 volt supply rail, so the relay turns on and 
contacts RLA/I close. As the contacts close they 
connect the 12 volt supply to the timer circuit and to 
the headlight switch. Thus, under this 'ignition on' 
condition the headlights operate in the normal way. 
Note that, since one side of C2 is connected directly to 
the positive supply rail and the other side is taken to the 
positive rail via R2, the eapacitor is fully discharged 
under this condition. 

The moment that the ignition switch is turned to the 
OFF position the D3-derived current supply to the relay 
coil is broken, and simultaneously a negative-going 
trigger pulse is fed to pin 2 of the 555 as the C2-R3 
junction drops to ground volts and C2 charges up. Now, 
relays are inherently slow-acting devices, so contacts 
RLA/1 do not open instantaneously as the ignition 
switch is turned off. Conversely, the 555 is a very fast 
triggering device, and the instant that the trigger pulse 
is generated via the turn-off action of the ignition switch 
a timing cycle is initiated and current is fed to the relay 
coil via output pin 3 of the IC as it goes high. Thus the 
relay remains on for a pre-set period after the ignition 
switch is closed, and the positive supply rail remains 
connected to the headlight switch for the duration of 
this period. With the component values shown this 
period is roughly 50 seconds. 

At the end of the 50 second timing period, pin, 3 of 
the 555 switches to the low state and the relay turns 
off. As it does so, contacts RLA/1 open and remove the 
supply from the timer and the headlight switch, and the 
headlights turn off. The operating sequence is then 
complete. 

Readers may care to note that the above system of 
operation is consistent with the practice adopted in 
many modern vehicles of feeding the headlight switch 
via the ignition switch, so that the headlights operate 
only when the ignition is turned on. On older types of 
vehicle, where headlight operation is independent of 
the ignition switch, a manually-triggered 
delayed-turn-off headlight or spotlight control facility 
can be obtained by using the circuit shown in Fig 8. The 
action of this circuit is such that, if the vehicle is parked 
with its lights off, they turn on for a pre-set 50 second 
period as soon as a push-button START switch is 
momentarily closed, and at the end of this period turn 
off again automatically. 

The Fig 8 circuit uses a relay with two sets of 
normally-open relay contacts. The timing sequence is. 
initiated by momentarily closing push-button switch 
S, Normally, both S, and the relay contacts are open, 
so zero power is fed to the timer circuit and the tights 
are off. C2 is discharged under this condition. 

When S, is momentarily closed power is fed directly 
to the relay coil, and the relay turns on. As the relay 
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Fig. 8. Manually-triggered delayed-turn-off head- or spot-light 
control system for automobiles. 
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turns on contacts RLA/2 close and apply power to the 
vehicle lights and contacts RLA/1 close and apply 
power to the timer circuit, but pin 2 of the IC is briefly 
tied to ground via C2 and R3 at this moment, so a 
negative trigger pulse is immediately fed to pin 2 and a 
timing cycle is initiated. Consequently, pin 3 of the 555 
switches high at the moment that the relay contacts 
close, and thus locks the relay into the ON condition 
irrespective of the subsequent state of START switch 
S,, so the lights remain on for the duration of the 50 
second timing cycle. At the end of the timing cycle pin 
3 of the I.e. switches to the low state, so the relay turns 
off and contacts RLA/1 and RLA/2 open, disconnect- 
ing power from the timing circuit and the lights. The 
operating sequence is then complete. 

PORCH LIGHT 

Finally, to conclude this 'Timer Circuits' section of the 
555 story. Fig 9 shows the circuit of a relay-output 
automatic porch light control unit that turns the porch 
lights on for a pre-set 50 second period only when 
suitably triggered at night time or under 'dark' 
conditions: The circuit is triggered via switch S,, which 
miay take the form of a microswitch activated by a porch 
gate or a pressure-pad switch activated by body weight 
and concealed under a porch mat or rug. 

The operation of the Fig 9 circuit relies on the fact 
that for correct timer operation the negative-going 
trigger pulse that is fed to pin 2 of the IC must fall 
below the internally-controlled '1/3 V^./ voltage value 
of the 555. If the trigger pulse does not fall below this 
value, timing cycles can hot be initiated by the trigger 
signal. 
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Fig. 9: Automatic porch light turns on for a preset period only 
when triggered at night. 



In this design, light-dependent resistor LDR and pre- 
set resistor are wired in series as a light-dependent 
potential divider. One side of switch S, is taken to the 
output of this potential divider, and the other side of the 
switch is taken to pin 2 of the IC via the C2-R3 
combination. Under bright or daylight conditions the 
LDR acts as a low resistance, so a high voltage appears 
at the output of the potential divider. Consequently, the 
act of closing S, causes a voltage pulse much higher 
than '1/3 V^.^' to be fed to pin 2 of the chip, so the timer 
is not triggered via S, under the daylight' condition. 

Conversely, the LDR acts as a high resistance under 
dark or 'night' conditions, so a low voltage appears at 
the output of the potential divider. Consequently, the 
act of closing causes a voltage pulse much lower 
than '1/3 V^^' to be fed to pin 2 of the IC, so the time 
circuit is triggered via S, under the 'night' condition. 

In practice, the LDR can be any cadmium-sulphide 
photocell that presents a resistance in the range 1 kQ to 
lOOkQ under the required minimum 'dark' turn-on 
condition, and R4 can be adjusted to preset the 



minimum 'dark' level at which the circuit will trigger. 
Note that the trigger signal is fed to pin 2 of the IC via 
the C2-R3 combination, which act as a trigger signal 
conditioning network that effectively isolates the d.c. 
component of the LDR-R4 potential divider from the 
trigger pin of the IC. 

MONOSTABLE PULSE GENERATOR CIRCUITS 

All the 555 timer circuits that we have looked at so far 
act essentially as monostable multivibrators or pulse 
generators. The 555 can be used as a conventional 
electronically-triggered monostable multivibrator or 
pulse generator by feeding suitable trigger signals to pin 
2 and taking the pulse output signals from pin 3. The IC 
can be used to generate good output pulses with periods 
from 5|jiS to several hundred seconds. The maximum 
usable pulse repitition frequency is approximately 
100kHz. 

The trigger signal reaching pin 2 must be a carefully 
shaped negative-going pulse. Its amplitude must switch 
from an OFF value greater than 2/3 V,.^ to an ON value 
less than 1/3 \/^ (triggering actually occurs as pin 2 
drops through the 1 /3 V^^ value). The pulse must have 
a width greater than lOOnS but less than that of the 
desired output pulse, so that the trigger pulse is 
removed by the time the monostable period terminates. 

One way of determining a suitable trigger signal for 
the 555 monostable circuit is to convert the input signal 
to a good square wave that switches between ground 
volts and the full positive supply rail voltage, and then 
couple this square wave to pin 2 of the IC via a simple 
short time-constant C-R differentiating network, which 
converts the leading or trailing edges of the square 
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Fig. Wa: Simple add-on pulse generator is triggered by 
rectangular input signals: circuit can be used at trigger 
frequencies up to WOkHz. 



wave into suitable trigger pulses. Fig, 10a shows a 
practical circuit that uses this basic principle, but is 
intended for use only with input signals that are already 
of square or pulse form. 

Here, transistor Q, converts the rectangular input 
signal into a signal that switches between the ground 
and positive voltage rails, ^and the resulting signal is fed 
to pin 2 via the C2-R2 differentiating network. The 
circuit can be used as an add-on pulse generator in 
conjunction with an existing square or pulse generator. 
Variable-amplitude output pulses are available from pin 
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3 via variable potential divider R6. The output pulse 
widths can be varied over more than a decade range via 
R,, and can be switched in overlapping decade ranges 
by using the values of CI listed in the table. With the 
component values shown the pulse width is fully 
variable from 9 .uS to 1 .2 seconds. Note that C3 is used 
to decouple the pin 5 CONTROL VOLTAGE terminal 
and improve the circuit stability. 

Fig 10b shows how the above circuit can be 
modified so that it can be driven from any type of input 
waveform, including sine waves. Here, IC1 is 
connected as a simple Schmitt trigger, which converts 
all input signals into rectangular output signals, and 
these rectangular signals are used to drive the IC2 
monostable circuit in the same way as described above. 
The Fig 1 0b circuit can thus be used as an add-on pulse 
generator in conjunction with an existing waveform 
generator of any type that produces output signals with 
peak-to-peak amplitudes greater than 1 12 M^. 
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Fig. 10b: Improved add-on pulse generator is triggered by any 
input waveform. 



Fig 1 1 shows how two basic monostable pulse 
generators can be connected in series to make a 
delayed pulse generator, in which IC1 is used as a 
Schmitt trigger and IC2 controls the delay width and 
IC3 determines the output pulse width: The final output 
pulse appears some delayed time after the initial 
application of the trigger signal. This circuit can be 
made into a self-contained instrument by building it into 
the same cabinet as a simple square wave generator, 
which can be used to provide the necessary drive 
signals. 



1^ 




Fig. 1 7: Add-on delayed pulse generator is triggered by any 
input waveform. For CI (and C7) values, see table in Fig. 10a. 



Any number of basic monostable pulse generators 
can be wired in series to give a sequential form of 
operation. Fig 1 2 for example, shows the circuit and 
wave-forms of a 3-stage sequential generator, which 
can be used to operate lamps or relays, etc., in a 
pre-programmed time sequence once an initial START 
command is given via push-button switch S, Note that 
the pin 4 RESET terminal of all ICs are shorted together 
and positively biased via R7, and that these terminals 
can be shorted to ground via SET switch S2: This SET 
switch should be closed at the moment that power is 




Fig. 12: 3-stage sequential timer 
or pulse generator. 



first applied to the circuit, to ensure that none of the ICs 
are falsely triggered at this moment. 

Finally, three or more monostable circuits can be 
connected, via C9, in a continuous loop, with the 
output of the last monostable feeding back to the input 
of the first monostable, to form a 'chaser' circuit in 
which the sequential action repeats to infinity. This type 
of circuit can be used to drive lamp or LED displays, etc. 
Note that the circuit is again provided with the Sj SET 
facility, so that the circuit can be emptied at the 
moment that power is first applied. 

ASTABLE MULTIVIBRATOR CIRCUITS 

Fig 13 shows the practical circuit of a basic 1 kHz astable 
multivibrator, together with the formulas that define the 
timing of the circuit. Note that TRIGGER pin 2 of the 
chip is shorted to the pin 6 THRESHOLD terminal, and 
that timing resistor R2 is wired between pin 6 and 
DISCHARGE pin 7. 

When power is first applied to the circuit CI starts to 
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Fig. 13: Basic circuit of IKHz astable multivibrator, with 
timing formulas. 



charge exponentially (in the normal monostable fashion) 
via the series R1-R2 combination, until eventually the 
CI voltage rises to 2/3 V^^. At this point the basic 
monostable action terminates and DISCHARGE pin 7 
switches to the low state. CI then starts to discharge 
exponentially into pin 7 via R2, until eventually the CI 
voltage falls to 1/3 V^^, and TRIGGER pin 2 is 
activated. At this point a new monostable timing 
sequence is initiated, and C1 starts to recharge towards 
2/3 V„ via Rl and R2. The whole sequence then 
repeats add infinitum, with CI alternately charging 
towards 2/3 V„ via R1-R2 and discharging towards 
1 /3 V,, via R2 only. 

Note in the above circuit that, if R2 is very large 
relative to Rl, the operating frequency of the circuit is 
determined essentially by the R2 and CI values, and 
that a virtually symmetrical output waveform is 
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^generated. The graph of Fig 14 shows the approximate 
relationship between frequency and the C1-R2 values 
under the above condition. In practice, the R1 and R2 
values of the circuit can be varied from 1 kQ up to tens 
of megohms. Note, however, that R1 has a significant 
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Fig. 14: Approximate relationship between CI, 
frequency when R2 is large relative to R1 . 
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effect on the total current consumption of the circuit, 
since pin 7 of the IC is virtually grounded during half of 
the timing sequence. Also note that the duty cycle or 
mark/space ratio of the circuit can be pre-set at a 
non-symmetrical value, if required, by suitable choice 
of the R1 and R2 values. 

The basic circuit of Fig 13 can be usefully modified 
in a number of ways. Fig 1 5, for example, shows how it 
can be made into a variable-frequency square wave 
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Fig. 15: Variable frequency square wave generator covers the 
range 650Hz-7.2kHz approximately. 



generator by replacing R2 with a fixed and variable 
resistor in series. With the component values shown the 
frequency can be varied over the approximate range 
650Hz-7.2kHz via R2. 

■. Fig 1 6 shows how the circuit can be further modified 
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Fig. 16: Astable multi with mark and space periods 
independently variable over the approximate range 7,5[is to 
750\is. 



so that its MARK and SPACE periods are independently 
variable over the -approximate range 7.5mS to 750 /uS. 
Here, timing capacitor CI alternately charges via 
R1-R2-D1 and discharges via R3-R4-D2. 

Fig 17 shows how the circuit can be additionally 
modified so that it acts as fixed-frequency square wave 
generator with a mark/space ratio or duty cycle that is 
fully variable from 1% to 99%. Here, CI alternately 
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Fig. 1 7: Astable multi with duty cycle variable from 1 to 99% 
with frequency approximately constant at 1.2kHz. 



charges via R1 and the top half of R2 and via D1, and 
discharges via D2-R3 and the lower half of R2. Note 
that the sum of the two timing periods is virtually 
constant, so the operating frequency fs almost 
independent of the setting of R2. 

GATING A 555 ASTABLE 

The 555 astable circuit can be gated ON or OFF, via 
either a switch or an electronic signal, in a variety of 
ways. Figs 18 and 19 show two basic ways of gating 
the iC via a switch. 

In Fig 18 the circuit is gated via the pin 4 RESET 
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Fig. 18: Gated IkHMZ astable with 'press to turn-off or 'presi 
to turn-on' operation. 



terminal. The characteristic of this terminal is such that, 
if the terminal is biased significantly above a nominal 
value of 0.7 volts, the astable is enabled, but if the 
terminal is biased below 0.7 volts by a current greater 
than 0.1mA (by taking the terminal to ground via a 
resistance less than 7kQ, for example) the astable is 
disabled and its output is grounded. Thus, the Fig 18 
circuit is normally on but can be turned off by closing 
81 and shorting pin 4 to ground, while the circuit 
shown in dotted lines is normally gated off via R4 but 
can be turned on by closing Sj and shorting pin 4 to the 
positive supply rail. These circuits can alternatively be 
gated by applying suitable electronic signals directly to 
pin 4. 

The Fig 1 9a and 1 9b circuits are gated via the pin 2 
TRIGGER and pin 6 THRESHOLD terminals. The 
characteristic here is such that the circuit functions as a 
normal astable only as long as pin 6 is free to swing up 
to 2/3 V^^ and pin 2 is not biased below 1 /3 V,.^. If 
these pins are simultaneously driven below 1 / 3 V.^. the 
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Fig. 19A: Alternative gated 1kHz astable with 'press to 
turn-off operation. 



astable action is immediately terminated and-the output 
is driven to the high state. Thus, the Fig 19a circuit is 
normally on but turns off when SI is closed. Note that 
an electronic signal can be used to gate the circuit by 
connecting a diode as indicated and eliminating S,. In 
this case the circuit will gate off when the input signal 
voltage is reduced below 1/3 V^^. 

The Fig 1 9b circuit is connected so that it is normally 
gated off by saturated transistor Q1 , but can be gated 
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Fig. 19B: Alternative gated 1kHz astable with press to 
turn-off operation. 



on by closing SI and thus turning the transistor off. 
This circuit can be gated electrohle&lfy .by eliminating 
R5 and 81 and applying a gating signal to the base of 
Q1 via a lOkQ limiting resistor. In this case the astable 
turns off when the input signal is high, and turns on 
when the input signal is reduced below 7 volts or so. 

All the 555 astable circuits that we have looked at 
can be subjected to frequency modulation (FM) or 
pulse-position modulation (PPM) by simply feeding a 
suitable modulation signal to pin 5. This mc i'jiation 
signal can take the form of an A.C. signal that is fej to 
pin 5 via a blocking capacitor, as in the case of Fig 20a 
or a D.C. signal that is fed directly to pin 5, as in the case 
of Fig 20b. The action of the chip is such that the 
voltage on pin 5 influences the width of the mark' 
pulses in each timing cycle, but has no influence on the 
'space' pulses. Thus, since the signal on pin 5 
influences the position of each mark' pulse in each 
timing cycle, this terminal provides pulse-position 
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Fig. 20: Alternative ways of obtaining frequency or 
pulse-position modulation (FM or PPM) from the 555 astable 
circuit. 



modulation (PPM), and, since the signal influences the 
total period of each cycle (and thus the frequency of the 
output signal), the terminal also - provides frequency 
iriodulation (FM). These facilities are useful in special 
waveform generator applications, as is shown in the 
next section. 

MISCELLANEOUS ASTABLE APPLICATIONS 

The 555 astable multivibrator has three outstanding 
advantages over other types of astable circuit. First, its 
frequency can be varied over a wide range via a single 
resistive control. Second, its output has a low 
impedance and can source or sink current up to 
200mA. Finally, its operating frequency can readily be 
modulated by applying a suitable signal to pin 5 of the 
IC. These features make the device exceptionally 
versatile, and it can be used in a vast range of practical 
applications of interest to both the amateur and 
professional user. 

MORSE PRACTICE OSCILLATOR 

Fig 21 shows how the 555 timer I.C. can be used as a 
morse-code practice oscillator. The circuit acts as a 
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Fig. 2 1 : Code-practice oscillator with variable tone 
(300Hz. 3kHz) and variable volume. 



normal astable, with frequency variiSblie over the 
approximate range 300Hz — 3kHz via TONE control 
R3. The 'phone volume is variable via R5, and the 
'phones can have any impedance from a few ohms up 
to megohms. The circuit draws zero quiescent current, 
since the normally-open morse key is used to connect 
the circuit to the positive supply rail, which can have 
any value in the range 5 volts to 1 5 volts. 

Fig 22 shows how the 555 astable circuit can be 
used in LED flasher applications. This circuit operates at 
approximately 1 Hz, and has a single LED. The Fig 22 
circuit has a single LED output; the dotted section 
shows how a second may be added, such that one LED 
is on while the other is off, and vice versa. Any types of 
LED's can be used in this circuit. Series resistors R, or 
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Fig. 22: Single and dual output led flashers give symetrical 1 Hz 

outputs 
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R4 determines the ON current of each LED. 

Fig 23 shows how the Fig 22 circuit can be modified 
to give automatic dark-activated operation. Here, R4 
and R5 are wired as a fixed potential divider that sets 
1 12 V„ on the emitter of Q1 , LDR and R7 are wired as 
a light-sensitive potential divider that applies a variable 
voltage to the base of Q1, and the collector of Q1 is 
taken to RESET pin 4 of the IC, which is normally 
biased to ground via R6. 



5V to 15V +Ve 




Fig. 23: Automatic (dark-activated) flasher. 



In use R7 is adjusted so that the voltage to the base 
of Q1 is greater than 1/2 V^^ under daylight' 
conditions, so Q1 is cut off, but under dark' conditions 
Q1 base is biased below 1/2 V^^, so it is driven on. 
thus, under daylight conditions Q1 is cut off, so the 
555 astable is disabled, with its output driven low, by 
4.7kQ resistor R6 which is wired between pin 4 and 
ground. Under 'dark' conditions, on the other hand, Q1 
is biased on, so pin 4 is positively biased, and the 
astable operates normally and activates the LED. 

The LDR used in the above circuit can be any 
cadmium-sulphide photocell that presents a resistance 
in the approximate range 470Q to 1 0kQ under the 
minimum 'dark' turn-on condition. 

The dotted section shows how the 555 astable 
circuit can be used as a 1 2 volt relay pulser, which 
turns the relay on and off at a rate of one cycle per 
second. The relay can be any type with a coil resistance 
greater than 60Q. 

ALARM GENERATOR 

Fig 24 shows the connections for making an 800Hz 
monotone alarm-call generator. The circuit can be used 
with any supply in the range 5 to 1 5 volts, and with any 
speaker impedance. Note, however, that R, must be 
wired in series with speakers having impedance less 
than 75Q, and must be chosen to give a total series 
impedance of at least 750, to keep the peak speaker 
currents within the 200mA driving constraints of the 
555. The available alarm output power of the circuit 
depends on the speaker impedance and supply voltage 
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Fig. 24: 800Hz Monotone alarm call generator 
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Fig. 24 a, b, c, d: Monotone alarm activated by dark (2), light 
(b), under-temperature (c), or over-temperature (d). 



used, but may be as great as 750mW when a 75Q 
speaker is used with a 1 5 volt supply. 

The above circuit can be modified so that it is 
activated by darkness (a), by brightness (b), by an 
under-temperature (c), or by an over-temperature (d). 
Pin 4 is disconnected from the + Ve supply, and 
connected to the triggering circuit, which is designed 
around Q1 . This works in the same way as already 
described for the automatic (dark-activated) LED. 
flasher. The LDR used in the light-activated versions of 
this circuit can be any cadmium-sulphide photocells 
that present resistances in the approximate range 470Q 
to lOkQ at the desired turn-on levels. The thermistors 
used in the temperature-activated versions of the circuit 
can be any negative-termperature-coefficient types that 
present resistances in the same range at the required 
turn-on temperatures. 

ALARMS AND SIRENS 

The next 4 diagrams show a variety of useful alarm-call 
generator circuits. The Fig 25 circuit generates an 
800Hz pulsed tone alarm call. Here, IC1 is wired as an 
800Hz alarm generator, and IC2 is wired as a 1 Hz 
astable which gates IC1 on and off via D1 once every 
second, thus causing a pulsed-tone output signal to be 
generated. 
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Fig. 25: Pulsed-tone (800Hz) alarm call generator 
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The Fig 26 circuit generates a warble-tone alarm 
signal that simulates the sound of a British police siren. 
Here, IC1 is again wired as an alarm generator and IC2 
is wired as a 1 Hz astable multivibrator, but in this case 
the output of IC2 is used to frequency modulate IC1 via 
R5. The action is such that the output frequency of IC1 
alternates symmetrically between 500Hz and 440Hz, 
taking one second to complete each alternating cycle. 
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Fig. 26: Warble-tone alarm-call generator simulates British 
police siren. 



The circuit of Fig 27 generates a 'wailing' alarm that 
simulates the sound of an American police siren. Here, 
IC2 is wired as a low frequency astable that has a 
cycling period of about 6 seconds. The slowly varying 
'ramp waveform on C, of this chip is fed to pnp emitter 
follower Q1., and is then used to frequency modulate 
alarm generator IC1 via R6. IC1 has a natural centre 
frequency of about 800Hz. The circuit action is such 
that the alarm output signal starts at a low frequency, 
rises for 3 seconds to a high frequency, then falls over 3 
seconds to a low frequency again, and so on add 
infinitum. 
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Fig 27: 'Wailing' alorm simulates American police siren. 



Finally, to complete this quartet of alarm generator 
circuits, the Fig 28 circuit generates a siren alarm signal 
that is a simulation of the 'Red Alert' alarm used in the 

STAR TREK T.V. progranrime: This signal starts at a low 
frequency, rises for about 1.15 seconds to a high 
frequency, ceases for about 0.35 seconds, then starts 




Fig. 28: Red alert' siren alarm simulates Star irek alarm 
signal. 



rising again from a low frequency, and so on add 
infinitum. The circuit action is as follows: 

IC2 is wired as a non-symmetrical astable 
multivibrator, in which CI alternately charges via R1 
and D1, and discharges via R2, thus giving a rapidly 
rising and slowly falling 'sawtooth' waveform across 
CI. This waveform is fed to pnp emitter follower Q1, 
and is thence used to frequency modulate pin 5 of 101 
via R6. Now, the frequency modulation action of pin 5 
of the IC1 astable circuit is such that a rising voltage on 
pin 5 causes the astable frequency to fall, and vice 
versa; consequently the sawtooth modulation signal on 
pin 5 causes the astable frequency to rise slowly during 
the falling part of the sawtooth and collapse rapidly 
during the rising part of the sawtooth. The rectangular 
pin 3 output of IC2 is used to gate IC1 off via npn 
common emitter amplifier Q2 during the collapsing part 
of the signal, so only the rising parts of the alarni signal 
are in fact heard, as in the case of the genuine STAR 
TREK Red Alert'. 

MISCELLANEOUS APPLICATIONS 

To complete the 555 story, this final section shows a 
miscellany of 555 applications, of varying degrees of 
usefulness. Fig 29 shows how a single 555 can be used 
as the basis of an event-failure alarm or a missing-pulse 
detector, which closes a relay or illuminates an LED if a 
normally recurrent event fails to take place. 
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Fig. 29: Event- failure alarm or missing-pulse detector has relay 

or LED output 



The operating theory of the circuit is fairly simple. 
The 555 is wired as a normal monostable pulse 
generator, except that transistor Q1 is wired across 
timing capacitor CI and has its base taken to TRIGGER 
pin 2 of the IC via R3: The TRIGGER pin is fed with a 
train of pulse- or switch-derived clock input signals from 
the monitored event, and the values of R1 and CI are 
selected so that the monostable period of the IC is 
slightly longer than the repetition period of the clock 
input signal. 

Thus, each time a clock pulse arrives, a monostable 
timing period is initiated via pin 2 of the IC, and CI is 
discharged and the pin 3 output is driven high via 
transistor Q1 . Before each monostable period can 
terminate, a new clock pulse arrives, and a new 
monostable period is initiated, so the pin 3 output 
terminal remains high so long as clock input pulses 
continue to arrive within the prescribed period limits. 
Should a clock pulse be missed, or the clock period 
exceed the pre-determined limits, however, the 
monostable period will be able to terminate normally, 
and pin 3 of the IC will go low and drive the relay or 
LED on. The circuit thus functions effectively as an 
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event-failure alarm or missing-pulse detector. With the 
component values shown, the monostable has a natural 
period of about 30 seconds. This period can be varied 
via R1 and C4 to satisfy specific requirements. 

Fig 30 shows how a couple of 555s can be used to 
make a pulse-width modulation (PWM) circuit. This 
circuit can be used for transmitting coded messages, or 
for applying variable power to a load at maximum 
efficiency. 

Here, IC1 is wired as a 1kHz astable multivibrator, 
which is used to feed a continuous train of clock pulses 




Fig. 30: Pulse-width modulation (PWM) circuit. 



to the pin 2 TRIGGER terminal of IC2, which is wired as 
a normal monostable multivibrator or pulse generator 
and has a natural monostable period of approximately 
0.36mS. The external modulation signal is fed to the 
pin 5 CONTROL VOLTAGE terminal of the monostable 
via C4, and determines the instantaneous widths of the 
generated pulses. Thus, the circuit generates a train of 
pulse-width modulated (PWM) pulses at a fixed 
repitition frequency of 1 kHz. 

SCOPE TIMEBftSE 

Fig 31 shows how a basic 555 monostable 
multivibrator can be modified so that it generates a 
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Fig. 3T: Triggered linear-ramp generator can be used as the 
basis of an oscilloscope timebase. 



linear ramp waveform of fixed duration each time it is 
triggered: This circuit can form the basis of an excellent 
oscilloscope time-base generator. The circuit works just 
like a normal monostable circuit, except that timing 
capacitor CI is charged via constant-current generator 
Q1 during each timing cycle, thus causing a linear ramp 
voltage to be generated across CI . 

When a capacitor is charged via a constant-current 
generator, the voltage across the capacitor rises linearly 
at a predictable rate that is determined by the 
magnitudes of the charging current and the capaci- 
tance The relationship can be expressed as: 

Voits-per-second= l/C, when I is expressed in Amps 
and C is expressed in Farads. 

In this circuit the charging current can be varied over 



the approximate range 90 mA to 1mA via R4, thus 
giving rates of rise on the .01 mF capacitor of 9V-per-mS 
to lOOV-per-mS. Now, remembering that each 
monostable period of the 555 circuit terminates at the 
point when CI voltage reaches 2/3 V„, and assuming 
that a QV supply is used (giving a 2 / 3 V„ value of 6V), 
it can be seen that the monostable cycles of the Fig 32 
circuit have periods variable from 666 mS to 60 /uS. 
Periods can be increased beyond these values by 
increasing the CI value, or vice versa. Note when using 
this circuit that its supply rail must be stabilised if stable 
timing periods are to be obtained. 

If the circuit of Fig 31 is to be used as the basis of an 
oscilloscope timebase, note that the input driving signal 
must first be converted to a good square wave, from 
which suitable trigger pulses can be derived via C3 and 
R5. The minimum useful ramp period that can be 
obtained from the circuit is about 5mS, which, when 
expanded to give full deflection on a ten-division 'scope 
screen, gives a maximum timebase speed of 
0.5MS-per-division. Flyback beam-suppression signals 
can be derived from the pin 3 OUTPUT terminal of the 
IC. 

The 'timebase' circuit gives superb signal synchro- 
nisation at trigger frequencies up to about 1 50kHz. If 
the timebase is to be used with input signal frequencies 
greater than this, the input signals should be divided 
down via a single- or multi-decade digital divider. Using 
this technique, the timebase can be used to view input 
signals up to many MHz. 

Fig 32 shows how a 555 can be connected for use 
as a simple but effective Schmitt trigger or 
Sine/Square converter. The circuit acts as a good 
converter at input frequencies up to 1 50kHz or more. It 
works by changing its output state each time the pin 2 
input signal swings from above the 2/3 V<.c level to 
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Fig. 32: 555 Schmitt trigger circuit acts as excellent 
sine /square converter up to about 150kHz. 



below the 1/3 V^,^ level, or vice versa. Resistor R3 is 
wired in series with pin 2 of the chip to ensure that the 
input signal is not adversely influenced by the transition 
action of the IC. 

Fig 33 shows how the basic Schmitt circuit can be 
adapted to a dark-activated relay driving application by 
wiring light-dependent potential divider R1-LDR to the 
pin 2 input terminal of the IC. This circuit has an 
inherently high degree of input backlash, and is likely to 
be of value in only very specialised applications. 

A far more useful relay-driving switching circuit is 
shown in Fig 35. This circuit has negligible input 
backlash, and can be used as either a light- or 
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Fig. 33: Dark-activated relay switch has built-in backlash. 



temperature-activated switch. In light-activated appli- 
cations R1 is wired in series with a cadmium'Sulphide 
photocell that presents a resistance in the approximate 
range 4700 to lOkQ at the required turn-on level. 

Dark-activated operation can be obtained by using the 
connections shown in Fig 34a or light-activated 
operation can be obtained by using the connections 
shown in Fig 34b. 
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Fig. 34: Minimum-backlash relay switch can be activated by 
dark (a), light (b), under-temperature (c), or over-temperature 

(d). 



For temperature-activated operation, R1 must be 
wired in series with a negative-temperature-coefficient 
thermistor. This thermistor must present a resistance in 
the range 4700 to lOkO at the required turn-on level. 
Under-temperature operation can be obtained by using 
the connections shown in Fig 34c, or over-temperature 
operation can be obtained by using the connections 
shown in Fig 34d. 

1kHz ANALOGUE FREQUENCY METER 

This circuit needs a square-wave input driving signal 
with a peak-to-peak amplitude of 2 volts or greater. In 
this circuit the 555 is wired as a standard monostable 
multivibrator or pulse generator, and is powered from a 
regulated 6V supply. Transistor Q1 is used to amplify 
the square wave input signals to a level suitable for 
triggering the monostable stage, and the output of the 
monostable is fed to 1mA fsd meter Ml via multiplier 
resistor R5 and offset-cancelling diode D1 . This meter 
gives a reading that is directly proportional to the 
frequency of the square wave input .signals, and its 
operating theory is as follows: 

Each time the monostable multivibrator is triggered 
it generates a pulse of fixed duration and fixed- 
amplitude. If we assume that each generated pulse has 
a peak amplitude of 1 0V and a period of 1 mS, and that 
the pulse generator is triggered at an input frequency of 
500Hz, it can be seen that the pulse is high (at 1 0V) for 
500mS in each lOOOmS (one second) total period, and 
that the MEAN value of output voltage measured over 
this total period is 250mS/1000mS x 1 OV = 5V, or 
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50% of 1 0V. Similarly, if the input frequency is 250Hz 
the pulse is high for 250mS in each lOOOmS total 
period, so the mean output voltage equals 
250mS/1000mS x 10V= 2.5V, or 25% of 10V. 
Thus, the mean value of output voltage of the pulse 
generator, measured over a reasonable total number of 
pulses, is directly proportional to the repttitron 
frequency of the generator. 

Normal moving coil meters are 'mean' reading 
instruments, and in the Fig 35 circuit a 1mA f.s.d. 
moving coil meter is wired in series with voltage 
multiplier resistor R5, which sets the meter sensitivity 
at about 3.4V fsd, and is connected so that it reads the 



Fig. 35: Simple 1kHz linear-scale analogue frequency meter. 



mean output voltage of the pulse generator. This meter 
thus gives a reading that is directly proportional to 
frequency, and the circuit thus acts as a linear-scale 
analogue frequency meter. With the component values 
shown the circuit is intended to read fsd at 1 kHz. To set 
up the circuit initially, simply feed a 1 kHz square wave 
signal to its input, and then adjust R2 (which controls 
the pulse lengths) to give full-scale reading on the 
meter; all adjustments are then complete. 

The full-scale frequency of the above circuit can be 
varied from about 100Hz to about 1 OOkHz by suitable 
choice of CI value. The circuit can be used to read 
frequencies up to tens of MHz by feeding the input 
signals to the monostable circuit via a single- or 
multi-decade digital divider, thereby reducing the input 
frequencies to values that can be read by the 
monostable circuit. The circuit can form the basis of an 
excellent and inexpensive multi-range linear-scale 
analogue frequency meter. ^ 




"Do you thintt wc shou/d bring in the 
generating boys before we hit the market 
with these." 
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What to look for in the Febtuary issue: On Sale January 7th 

INDUCTION BALANCE 
METAL LOCATOR 



PRODUCE A CIRCUIT which 
feeds a modulated lOOkHz signal 
into a coil of about six inches 
diameter. Lay another coil of 
similar diameter next to, and 
slightly overlapping that coil so 
there is virtually no inductive 
pick-up. Amplify greatly the small 
signal that is picked up but gate it 
so that an audio amplifier will just 
not produce an output. 
When the coils are brought near 



metal the electro-magnetic fields 
are disturbed and an output is 
produced. That's the theory 
behind our induction balance 
metal locator which will be 
described in next month's issue. 
We don't pretend it's easy to build 
(though the electronics present 
few problems) but our prototype 
will sniff out a 2p coin at a foot — 
and that's very much better than 
any design published up until now! 



YAMAHA B-1 
AMPLIFIER 




WE DON'T REVIEW too many 
amplifiers in ETI, but when a really 
interesting, revolutionary design 
comes along we know you want to 
hear about it. The Yamaha Bl 
Vertical FET Power Amplifier 
comes into this category. It gives 
over 200W with a performance 
that stretches your measuring 
equipment to the limit. We also 
explain the principle of operation 
in detail. 



Computers for small 
Businesses 



MINICOMPUTERS continue 
to fall in price and increase in 
performance. Once the 
exclusive companion of the 
large corporation, computers 
are now finding their way 
into smaller and smaller 
companies, reducing drud- 
gery and improving effi- 
ciency (when properly used). 
The day will soon be with us 
when any company big 
enough to have a telephone 
switchboard will boa.st its 
own computer. 




'Scope Test 
your Car 

A HIGH PROPORTION of ETI 
readers have cars and a lot of those 
will have a 'scope. This article acts 
as a marriage broker and shows 
how the workshop type 'scope can 
be hooked up to your car and tells 
you how to analyse the waveforms 
to spot faults. 



SHORT CIRCUITS 

WE CONTINUE our series which 
began in this issue with another 
three Short Circuits: 

1. Test-bench Amplifier. Useful 
by itself but ours has been modi- 
fied simply to act as an audio 
milUvoltmeter as well. 

2. LED Dice Unit. An electronic 
dice using only two ICs and six 
inexpensive LED's. 

3. Two Tone Doorbell. Another 
straightforward project for the 
home — this time using a 555. 



DISCO MIXER 



if ^ ^ 



This article describes a general 
purpose mixer which can be 
tailored by the reader to meet a 
specific application. Prefade 
'listen' is included as a facility and 
allowance is even made for 
balanced inputs. 
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The articles described here are . in an 
advanced state of preparation but circum- 
stances may necessitate changes in the 

issue that appears. 
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